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(.i,n i u : ; i ) Stuart Stj^-udm an , a 
Subject, of 24, Kidderminster 
J;.»;i»:. J'>ridg-noi th, Shropshire, and 

L.VVKKIVL (JlIKMlCAL INDUSTRIES LIMITED , 

5 a Iiriu>it Company, of Imperial Chemical 
H„uh-. Million];", Loudon, S/W\l, do 
hert/av d.-chrr tin* nature of this inven- 
tion t" be toliows: — 

Th i invention relates to ail coolers for 
10 the eLigine> ul ui.rcnifi aud other vehicles 
and particularly -to oil coolers df the land 
iu which the oil flnwinn- through. tht£ cool- 
ii:n- matrix is distributed over a. number 
of oi] path.-* not ul] of the saine length. 

Aircraft engnne oil coolers axe usually 
of the honeycomb iypc which comprises a 
plurality of thin -walled tubular elements 
assembled within a casino* of cylindrical 
or other curvilinear form the arrangement 
beiu;r such that the cooling* air flows 
tlnoug-a the tubular elements while the 
hot oil flows throug-li spa res. between them 
within the casing*. Such oil coolers are 
usually provided with a by-pas : s which is 
25 controlled by a spring-loaded valve 
adapted to enable the oil to by^pass the 
cooler when the mntrix is choked with 
concealed oiL T-suaUy also a system of 
shutters- or louvres is provided to control 
the air-flow through the^ cooler, the said 
shutters being a-d justed automatically, as 
bv a thermostatic device located in the oil- 
flow 'from the cooler. The curvilinear 
'form of the assembly, whilst highly de_ 
35 sirahle or even essential in certain cir- 
cuiihi aiic-s where high internal pressures 
are. involved, has cor tain disadvantages, 
if or r-vomnle the major "portion of the oil 
tenth to folio v.- the paths of lea?t resist - 
40 a.nec — i.e. the shortest naths from "the oil 
inlet to the outlet, and the now of oil 
through other portions of the cooler is con- 
<enuor>tlv relatively slurrffish and pro- 
longed. A hitherto uncontrollable phenc*- 
menon commonly known q-s " corinn- 
souk. 1 lime- occuix when an aircraft is flv- 
ing' a. veiy cold atmosphere-, in which 
the tern ijexature of the oil issuing from 
the cooler is too high although it is known 
that the oil is not by-passing- the cooler. 
It is now established that in such circum- 
stances of low air temperature, the oilflow 
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to Apparatus for Cooling or 

other Viscous Liquids 

through those parts of the matrix, having 1 
high resistance to oilflow may fall off or 
cease entirely, resulting in loss o'f! effective* OS 
cooling in that part of the matrix. This 
has the effect of causing- the outlet oil 
from the cooler (which includes the oil 
from the portions of the matrix function- 
ing normally) to increase in temperature, GO 
and in consequence tbe theermo static con- 
trolling- device thereupon operates to ad- 
mit more cooling* air through the shutters 
when in fact a reduced now of air is re- 
quired. Various alternative methods; of 65 
automatically controlling* the shutters 
have been proposed, as for example by oil 
pressure responsive means in the oil inlet 
to the cooler but such methods have not 
succeeded in overcoming 11 the difficulties 70 
arising* -from coring-. 

The object of the* present invention is to 
provide an improved oil cooler of the kind 
described in which ^ the aforesaid difficul- 
ties are overcome in a. simple and effec- 75 
five manner. 

According- to the present invention we 
provide an improved heat exchang-e device 
of the kind referred to in which means 
are provided to distribute the oil substan- 80 
tially uniformly , throughout the matrix, 
the_said means being adapted to secure a 
substantially uniform resistance to flow as 
between the several oil-paths, irrespective 
ol: differences in the lengths thereof. ^ 85 

The said means may be t?uch as to in- 
crease in inverse proportion the resistance 
to oilflow through the shorter oilpath^ or 
such a.s to decrease in inverse proportion 
-the resistance to oilflow throug;h the 90 
longer oilpaths, or may be a combination 
of such means. Eor example, a plurality 
of perforate baffles may be inserted at in- 
tervals a-cross the path of the oil flowing 
through the matrix, the size and /or pitch 95 
of the perforations in the said baffles beinp: 
varied so that the flow of oil in the region 
of the shorter oilpaths is impeded in in- 
verse proportion to the lengthy of the said 
ijaths.,. v /Alternatively ^ e matrix may he 100 
, constructefl^.in such manner that spaces 
are 'foraied- ; at intervals between adjacent 
elements in the same oil paths,; the num- 
ber and /or width of the spaces being* ad- 



justed to reduce the resistance to oilhW 
as required. 

Several embodiments of our invention 
^ are illustrated in the accompanying draw- 
o liig-s m which " " 

Figure 1 is a diagrammatic cross-^c- 
tional view of one !f!orm of heat exchange 
device constructed in accordance with the 
present invention. 
10 Figure 2 is a plan view of" a porl-um of 
the device illustrated in Figure 1. 

Figure 3 i s a diagrammatic cru^-sec- 
wonal view of another form of heat ex- 
change device constructed in accordance 
Id with the invention. 

Figure 4 is a diagrammatic ci-os.s-scc- 
tional view of still another form of heat 
exchange device constructed in accord- 
ance with the invention. 
20 Referring- to Figures' 1 and 2 of the 
dravrings, an oil cooler comprises a matrix 
ar tubular elements 1 mounted within a 
- cylindrical casing 2 which is provided 
with an oil inlet 3 and outlet 4, and with 
<Jo inlet and outlet header compartments c 
and 6 respectively. The matrix is divided 
longitudinally by a baffle 7, a common 
header compartment S beinr, provided at 
the base of the matrix to convey oil 
around th e end of the baffle 7 from the in- 
let to the outlet side thereof. Longitudinal 
perforate baffles 9 extend at right an Me* 
from the central baffle 7 on the inlet and 
outlet ^ sides thereof, the said baffles 9 ter- 
o*D mmatinn- within the matrix at positions 
substantially equidistant from the casino- 
The said baffles are provided with 
rows of perforations 10 of which the 
diameter increases progressively in each 
4U row towards th e outer edges of th« baffles 
whilst -the pitch of the perforations, re- 
mains substantially constant The actual 
diameter and spacing of the perforations 
are arranged to suit the characteristic, of 
45 a particular cooler, so that the flow of oil 
bv the shortest path therethrough — i.e. by 
the straight path from the oil inlet to the 
bottom edge of th e baffle 7 and from the 
said bottom edge of the oil outlet is im- 
50 peded to an extent such that the total re- 
sistance to oilflaw by thi s path is substan- 
tially equal to the flow of oil by the 
longest path through the cooler around 



the outer edge 5 on' th e perforate baffle 
and so. that the oil flow through intcrmedi- 55 
ate paths is proportionately impeded. 
Ihus the oilflow i s distributed substan- 
tially unuormly over the cros< section of 
the available oil path throughout the 
matrix. *" qq 

A modified form of oil cooler is illus- 
trated m Figure 3, which comprises an an- 
nular matrix U housed between concen- 
tric casings 12 and 13, ; ln 0 i] inlet 14 and 
outlet Id, and inlet and outlet header^ J (J 65 
and 1,- respectively, the said headers 
being separated by a wall IS. Perforate 
baffles Jba are provided which extend part- 
way across the matrix from the inner cas- 
ing 13 towards the outer casing 12. The 70 
said baffles ISn are similar to the baffle* 9 
described with .reference to Figures 1 and 
2 of the drawings,- and are adapted to func- 
tion m similar manner to distribute the 
oilfW substantially uniformly over the 75 
cross section of the total available oil path 
between the oil inlet and outlet. 

In still another <form of oil cooler illus- 
trated m Figure 4, the matrix comprises 
a series of unitary portions 19 1 housed be- 80 
tween concentric casings 20 and '21 and 
separated by intermediate headers 22 An 
oil inlet 23 and outlet 24, and inlet and 
outlet headers 25 and 2€ respectively are 
provided. All the oil paths through each S5 
.port-ion of the matrix are of substantially 
the same length and resistance to oil flow 
and consequently, since there is substan- 
tially no cool inn- effected in the interme- 
diate headers, and substantially no resist- 90 
anee to oil flow therethrough, the oil flow 
is distributed substantiallv uniformly 
oyer the cross-section of the total available 
oil path between the oil inlet and oil out- 
let. 

Whilst we have illustrated and de- 
scribed several embodiments of the inven- 
tion by way of example, it will be under- 
stood thatthe invention ic not limited to 
the described embodiments, and that other 100 
methods of carrying the invention into 
effect may be devised which fall within 
the scope of the invention. 

Dated the 14th dav of July, 1943 
. ,E. A. BINGES.*' 
Solicitor far the Applicants. 



COMPLETE SPECIFICATION 
Improvements in or relating to Apparatus for Cooling or 
Attemperatin~ Oil or other Viscous Liquids 

hereby declare the nature of this inven- 110 
tion and m what manner the samei i 5 to be 
performed, to b e particularly described 
and ascertained in and bv the folloTvi no- 
statement: — 

This invention relates to oil coolers for 115 



iac -r-i -Y^ e ; Clifford Stuart Steadies, a 
105 British Subject, of 24, Kidderminster 
Koad, Bridgnorth, Shropshire, and 
IirPEUTAL Chemical Industries Lmtmtetj 
a British Company, of Imperial Chemical 
House, MillbanV, London, R.W.I do 



the engines of aircraft and oilier vehicles 
and particularly to oil coolers of the, kind 
in which the oil flowing through the cool- 
ing - matrix is distributed over a number 
5 of oil paths not all of 'the saints length. 

Aircraft engine oil coolers are usaially 
of the honeycomb type which comprises a 
plurality of thin-walled tubular elements 
assembled within a casing; of cylindrical 

10 or other curvilinear form, the arrange- 
ment bein# such that the cooling air flows 
through the tubular elements while the 
hot oil flows through spaces between them 
within the casing. The curvilinear form 

15 of the assembly, whilst highly desirable 
or even essential in certain circumstances 
where high internal pressures are in- 
volved, ha-s certain disadvantages, for ex- 
ample the major portion of the oil tends 

20 to follow the paths of least resistance- — 
i.e. the shortest paths from thp oil inlet 
to the outlet, and the flow of oil through 
other portion^ of the cooler is consequently 
relatively sluggish and prolonged. 

Zb Aircraft engine oil coolers may also be 
of the secondary surface type which com- 
prises a plurality of thin-walled tubular 
elements, usually otf flattened cross-sec- 
tion, adapted to for in n plurality! o-f puss- 

30 ages through which the hot oil can flow 
between header compartments, the. said 
tubes b^infr spaced loterallv to permit the 
passage of cooling air around and between 
them. In one construction of this; type 

35 of cooler the tubes are spaced ar>art by 
corvun-at^d s trios or sheet? which to- 
gether with portions of the tube walls con- 
stitute a. series of airwavs with the air- 
flow substantially at richt angles, to the 

40 oil flow in the tubes. Tn the application 
of this type of coole-r to curved power 
plant installations the pooler will have to 
take the form of if or example part of a 
segment of r> cirolp, and the oil paths on 

45 th<> inn^v radii of the segment will be con- 
si derablv shorter, and. censeouently offer 
less resistance to the flow of oil. than those 
on the outer radii. Tn this cas^ likewise 
the maior portion* of the oil will tend to 

50 follow the paths of least resistance and the 
flow of oil through other portions of the 
cooler will consequently be relatively 
slusnrish and prolonged. 

This inequality in oil flow distribution 
55 through the matrix, which is evident even 
vnder isothermal conditions, of oil flow, 
will be <rreatly accentuated under heat 
transfer conditions, since the oil passing 
down the higher resistance paths will be 
60 flowing at a lower rate and hence' will be 
cooled more than that flowing down a, low 
resistance path, resulting in a higher 
mean viscosity in the high resistance path 
and hence a further reduction in propoi*- 

65 tional flow. The variation in oil flow dis- 



tribution will increase with the nett 
y mount of cooling.' don© by the air, i.e. in- 
crease in cooling air flow and, in particu- 
lar, decrease in air inlet temperature will 
both cause greater variation in oil flow 70 
distribution. With very low air inlet 
temperatures } as for example when an air- 
craft is flying in a very cold atmosphere, 
the oil flow distribution may become so 
bad that oil flow may fall off very con- 75 
■si derablv or cease entirely in certain 
part s of the matrix. This phenomenon, 
hereinafter referred to as " congealing ' \ 
is accompanied by a considerable increase 
in oil pressure drop across the matrix and 80 
by a fall in the -specific performance, of 
the cooler, i.e. heat dissipated per unit 
temperature difference between air inlet 
temperature and mean oil temperature, 
which "may result in inadequate oil cooler 85 
performance. 

The object of the present invention is 
to provide an improved oil cooler of the 
hind described in which the problem of 
f: congealing is overcome in a simple 90 
and effective manner. 

According to the present invention we 
provide an improved heat exchange de- 
vice of the kind referred to in. which 
means are provided to distribute th e oil 95 
substantially uniformly throughout the 
matrix, the said means being adapted to 
secure a. substantially uniform resistance 
to flow as between the several oil paths, 
irrespective of differences in the lengths 100 
thereof'. 

The said means may be such as to in- 
crease in inverse proportion the resistance 
to oilflow through the shorter oil paths or 
•such as to dec, *ease- in inverse proportion 105 
th e resistance to oilflow through the 
longer oilpaths. or may be a combination 
off such means. 

For example , in a honeycomb ty] ) e 
cooler, a plurality of perforate baffles may 110 
be inserted at intervals across the path of 
the oil flowing through the matrix, the 
size and /or pitch of the perforations in 
the said bathes being varied so that the 
flow of oil in the region of the shorter oil- 115 
2>aths is impeded in inverse proportion to 
the lengths, of the said paths. Alterna- 
tively the matrix may be constructed in 
such manner that spaces are formed at in- 
tervals between adjacent tubular elements 120 
in the same oil paths, the number and /<;:• 
width of the spaces beino- adjusted to re- 
duce the resistance to oilflow as required. 

In a secondary surface iype cooler the 
pitch df tlie oil tubes, may be increased 125 
progressively from the longer to the 
shorter side in such manner that the in- 
creased cooling of the shorter tubes effects 
a proportionate increase in the viscositv of 
the oil flowing therethrough to an extent 130 



4 



sufficient substantially to- equalise- the 
fiavr resistance in all the tubes, in the mat- 
nx. Instead of altering the pitch of the 
tubes, equalisation of flow resistance may 
5 be effected by adjustment of the mechani- 
cal resistance to oilflow by variation, of 
tb e reinforcing and rurbulatiug means in 
the oil tubes themselves. Thu s for ex- 
ample, when perforated corrugated .strip 
10 i.s ^used^ 'for this purpose, the number 
:u:d/or diameter of the perforations may 
be decreased progressively across the 
cnuler from the long-er to the shorter tubes. 
-M.crmitively the pitch of the corruga- 
15 Lions may be decreased across the coolei^in 
the same manner. Alternatively again a 
romhiu.nl ion of one type of strip having 
a lower resistance to oil flow and another 
type having a greater resistance to oil flow 
20 iimy bo used in each tube, the relative 
proportion of the strip having .greater re- 
M^nnir- increasing progressively across 
tin* matrix from the longer to the shorter 
tuhes. To facilitate manufacture and as- 
25 sembly, it will in seme cases be sufficient 
for the purposes of the invention to sub- 
divide the oil tubes into a number of 
groups, (he tubes in each grouo being pro- 
vided v/ith internal members of the same, 
30 kind and the variation in the internal 
mem hers talking place from group io group 
acro~c the matrix. 

Several embodiments of our invention, 
showing its application to oil coolers of 
35 the honeycomb type, are illustrated in the 
di-awmg.s accompanying the Provisional 
Specification in which 

Figure 1 is n diagrammatic cros?-- sec- 
tional view of onetforcn of heat exchange 
40 device constructed in accordance v.'ith the 
present invention. 

Figure 2 is a plan view of a portion of 
the device illustrated in Figure 1. 

Figure 3 is a diagrammatic c.ross-^ec- 
45 tional view of another form of beat ex- 
change device constructed in accordance 
with the invention. 

Figure 4 is a diagrammatic cros 5 -sec- 
tional view of still another form of bent- 
50 exchange device constructed in accord- 
ance with the invention. 

Beferrhiir to Figures 1 and 2 of the 
drawings, an oil cooler comprises* a matrix 
of tubular elements 1 mounted within a 
55 cylindrical casing 2 Tvhich is provided 
with an oil inlet 3 and outlet 4, and with 
inlet and outlet header compartment ^ o 
and -6'' respectively. The matrix is divided 
longitudinally by a baffle 7, a common 
60 header compartment 8 being provided at 
the base of the matrix to convey oil around 
the end df the baffle 7 from the inlet to the 
outlet side thereof. Longitudinal perfor- 
ate baffles 9 extend at right angles from 
65 the .central baffle 7 on the inlet and outlet 



sides thereof, the said baffles 9 terminat- 
ing within the _ matrix at positions sub- 
stantially equidistant from the casing 2. 
The said baffles are provided with rows 
of perforations 10 of which the diameter 70 
increases progressively in each row to- 
wards the outer edges of. the- baffles whilst 
the pitch of the perforations remains sub- 
stantially constant. The actual diameter 
and spacing of the perforations are 75 
arranged to suit the characteristics of a 
particular cooler, so that the flow of oil 
by the shortest path therethrough — i.e. by 
the straight path from the oil inlet to the 
bottom edge of the baffle- 7 and from the 80 
•said bottom edge to the oil outlet is im- 
peded to an extent such that the total re- 
sistance to oilflow by this, path is substan- 
tially rqual to the flow of oij by tie longest 
path through the cooler around the outer 85 
edges of the perforate baffles, and so that 
the oil flow through intermediate paths is 
proportionately impeded. Thus the oil- 
flow isi distributed substantially uniformly 
over the crass-section of the available oil 90 
path throughout' the matrix. 

A modified form of oil cooler is illus- 
trated in Figure 3, which comprises an 
annular matrix H housed between con- 
centric casings 12 and 13, an oil inlet 14 95 
and outlet 15, and inlet and outlet headers 
16 and 17 respectively, the said headers 
being separated by a wall. IS. Perforate 
baffles ISa are provided which extend 
partway across the matrix from the inner 100 
casing 13 towards the outer casing- 12. The 
said baffles 18a are similar to the baffles 9 
described with reference to Figures 1 and 
2 of the drawings and are adapted to func- 
tion in similar manner to distribute the 105 
oilflow substantially uniformly over the 
eross-section ot£ tlie total available* oil path - 
between the oil inlet and outlet. 

In still another form of oil cooler illus- 
trated in Figure 4, the matrix comprises 110 
a series of unitary portions 19 boused be- 
tween concentric casings 20 and 21, and 
separated by intermediate headers 22. An 
oil inlet 53 , and outlet 24, and inlet and 
outlet header* 25 and 20 .respectively are 115 
provided. - All the oil paths through' each 
portion of the matrix ar e of substantially 
tbe same length and resistance to oil flow, 
and consequently, since there is substan- 
tially no cooling effected in the intermedi- 120 
•ate headers, and substantially no resist- 
ance to oil flow therethrough, the oil flow 
is distributed substantially uniformly 
over the cross-section of the total availablo 
oil path between the oil inlet and oil out- 125 
let. 

Further embodiments, of our invention, 
showing- its application to oi] coolers of 
the secondary surface type, are illustrated 
in the accompanying drawings, in which 130 



Figure 5 is a diagrammatic cross-sec- 
tional view of a curvilinear secondaiy 
simfuce type oil cooLe^r constructed in 
accordance with the present invention. 
3 Figure 6" is a. diagrammatic cross-'sec- 
tionalview of another form, of curvilinear 
secondary snxface type oil cooler con- 
structed in accordance with the inven- 
tion. 

10 Figure 7 is; a diagrammatic sectional 
side elevation of part of one of the oil 
tubes in Figure 6. 

Fig-are 8 is an enlarged plan view at 
ib e .section A— A of the oil tube illus- 

15 t rated in Figure. 7. 

Fig* are 9 is a perspective view of a 
.small portion of the corrugated internal 
member shown in Figure 8. 

Referring to Figure 5 of the drawings', 

20 an oil -cooler comprises a matrix of flat- 
tened tubular elements 27 serving' as oil- 
ways spaced apart by corrugated members 
2S to form airways, the matrix being 
mounted within a casing- 29 in the shape 

25 of a segment of a cylindrical annul us pro- 
vided with oil inlet 30 and outlet 31 and 
inlet and outlet header compartment 32 
and 33 respectively. Th e tubes 27 are 
provided with internal perforated corru- 

30 gated members (not shown) extending 
substantially throughout their width and 
depth for the purpose of reinforcement 
and promoting* turbulence of the oil flow- 
ing through. The pitch of the tubes 27 

35 is increased progressively from the longer 
to the shorter side, with, co/rres ponding in- 
crease in the depth of the fairway corru- 
gations, in such manner that the increased 
cooling* of the shorter tubes effects, a pro- 

40 portion ate increase in the viscosity of the 
oil flowing: there thrugh to an extent suf- 
ficient substantially to equalise the 
hydraulic resistance in all the tubes in the 
matrix. 

45 J&eferrino* to Figures 6, 7, S and 9. an 
oil cooler comprises a matrix of equidis- 
tant flattened tubular elements 34 serv- 
ing as oilways sipaeed apart by coitu gated 
members 35- to form airways, mounted in 

50 a casing* of the same shape as that illus- 
trated in Figure 5. The tubes 34 are pro- 
vided with internal corrugated members 1 
extending substantially throughout their 
width and depth. The said internal cor- 

55 nurated members in the outside tube 34a 
consist of a plain corrugated strip with a 
number of small perforations to promote 
oil turbulence and those in the insid^ 
tube 34b consist ojf a doubly corrugated 

60 strip shown in Figure 9 having- rows of 
alternate re-entrant corrugations 3G and 
37. In the intermediate tubes varying 
lengths of plain corrugated strip "and 
doubly corrugated strip are ^o combined 

65 that the overall flow resistance of (^nch 



tube is substantially e<;ju;tl Xn that of the 
other lubes in the matrix. This is shown 
diagrammatic-ally in. Figure 7 where the 
part designated by the numeral 39 and 
shown in diagonal shade lines represents 70 
the doubly corrugated strip, and the part 
38 shown in vertical shade lines repre- 
sent-s a plain corrugated strip. 

Whilst wc have illustrated and de- 
scribed several embodiments of the inven- 75 
tion by way of example, it will be under- 
stood that the invention is- not limited to 
the described embodiments, and that other 
methods of carrying the- invention into 
effect may be devised which fall within 80 
the; scope of the invention. 

Having- now particularly described and 
ascertained thfr nature of ooir said inven- 
tion and in what manner the same is to 
be performed, we declare thai what we 85 
claim is : — 

1. Oil cooler of- the kind described in 
which means arc provided to distribute 
the oil substantially uniformly through- 
out the matrix., the said means being 90 
adapted to secure a substantially uniform 
resistance to flow as between the several 

oil paths irrespective of differences in the 
lengths thereof. 

2. Oil cooler in accordance with Claim 95 
1. in which means are provided to in- 
crease in inverse proportion the resistance 

to oilflow through the shorter oil paths. 

3. Oil cooler in accordance with Claim 

1, in which means are provided to de- 100 
crease in inverse proportion the resistance 
to oilflow through the longer oil paths. 

4. Oil cooler of the honeycomb tyre in 
accordance with Claim 1 or 2, in which a 
plurality of perforate baffles are inserted 105 
at intervals across the path or the oil 
flowing through the matrix, the size 
and /or pitch of the perforations in the 
said baffles being- varied so that the flow 

of oil in the region of the shorter oil paths 110 
is impeded in inverse proportion to the 
lengths of the said paths. 

5. Oil cooler in accordance with Claim 
4, in which th e perforate baffles do not 
extend across the oil paths of- greatest 115 
length . 

6. Oil cooler of the honeycomb type in 
accordance with Claim 1 or 3, in "which 
spaces are formed at inteivals between ad- 
jacent tubular elements! in the same oil 120 
paths, the number and /or width of the 
said spaces being adjusted to reduce the 
resistance to oilflow of the longer oil 
paths to the required extent. 

7. Oil cooler of the secondary surface 125 
type in accordance with Claim 1 or 2, in 
which the pitch of the oil tubes is 'in- 
creased progressively across the matrix in 
such manner that the increased coo-lino- oif 
the shorter tubes effects a. proportionate 130 
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irerease in the viscosity of the oil flowing 1 
therethrough to an extent, sufficient sub- 
stantially to equalise the flow resistance 
in all the tube a in the matrix, 
o* S. Oil cooler of the secondary surface 
type in accordance with Claim i, 2 or 3 3 
m which equalisation of the flow resist- 
ance is effected by variation of the rein- 
forcing- and turbulating mean s in the oil 
10 tubes. 

9. Oil cooler in accordance with Claim 
8, m which the reinforcing and turbulat- 
mg means oomp-rise a perforated corru- 
gated strip, the number and /or diameter 

15 of the perforations being* decreased i>ro- 
gressively across the matrix from the 
longer to the shorter tubes. 

10. Oil cooler in accordance with Claim 
in which the reinforcing! and turbulat- 

20 mg means comprises a perforated corru- 
gated strip, the pitch of the corrugations 
being' decreased across the matrix from 
the longer to the shorter tubes. 

11. Oil cooler in accordance with Ciaim 
25 S, in which a combination of one type of 

reinforcing- and turbulating means hav- 



ing* a lower resistance to oilflow and an- 
orher type having- a greater resistance to 
oilflow is used in each tube, the relative 
proportion of the means having- greater 30 
resistance increasing progressively across 
thr matrix from the longer to the shorter 
tubes. 

12. Oil cooler in accordance with am- 
or" Claims S — 11, in which the oil tubes 35 
are subdivided into a number of groups, 
the tubes in each group being- provided 
with reinforcing- and turbulating- meaiin of 
the same kind and the variation in the 
said means taking place from group to 40 
group across the matrix. 

13. Oil cooler of the honeycomb type 
substantially as hereinbefore described 
with reference to the drawings accom- 
panying the Provisional Specification. 45 

14. Oil cooler of the secondary surface 
type substantially as hereinbefore de- 
scribed with reference to the accompany- 
ing- drawings'. 

Dated the 14th da-y of August 1944. 
. E. A. BtNGEN. 
Solicitor for the Applicants. 
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